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Fig.10
START OF TRANSFUSION PREPARATORY OPERATION

14 MOVING MEDICINE CASSETTE UP TO
MIDDLE POSITION BY LIFTING UNIT
S15 ~=——TJOVING UP TO MIDDLE POSITION COMPLETED? NO
YESLL -
a1 RELOADING MEDICINE CASSETTE TO SECOND
PEDESTAL BY FIRST DRIVING UNIT

RELOADING MEDICINE
CASSETTE COMPLETED 7

317 NO

YES

S18 MOVING MEDICINE CASSETTE UP TO
UPPER POSITION BY FIRST DRIVING UNIT

MOVING UP TO
UPPER POSITION COMPLETED ?

N
S19 O

YES

END OF TRANSFUSION PREPARATORY OPERATION
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Fig.11

S22-0 READOUT TRANSFUSION CONDITIONS
g0 SELECTION OF INTENDED MEDICINE CONTAINER SUBJECTED
TO SUCKING OPERATION BY FIRST DRIVING UNIT
SELECTION OF NO
S23 INTENDED CONTAINER COMPLETE ? -
YES

324 MOVING MEDICINE CASSETTE DOWNWARD
BY FIRST DRIVING UNIT

PUNCTURE OF
NEEDLE INTO INTENDED CONTAINER
COMPLETED 7

YES
S26 SUCKING FROM INTENDED CONTAINER OR
DISCHARGING TO INTENDED CONTAINER

SUCKING OR
- DISCHARGING PREDETERMINED AMOUNT OF
MEDICINES COMPLETED 7

NO

S25

NO

S27

YES

S28 MOVING MEDICINE CASSETTE UP TO
UPPER POSITION BY FIRST DRIVING UNIT

MOVING UP TO NO
S29 UPPER POSITION COMPLETED ?
YES

SUCKING OR
DISCHARGING FOR ALL INTENDED
MEDICINES COMPLETED 7

NO

30

YES

END OF TRANSFUSION OPERATION
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MEDICINE TRANSFUSION APPARATUS AND
MEDICINE TRANSFUSION METHOD

TECHNICAL FIELD

The present invention relates to a medicine transiusion

apparatus and a medicine transiusion method transiusing a
medicine using a syringe.

BACKGROUND ART

In hospitals, medicines of several kinds taken out from
different types of medicine containers may be mixed to
prepare a mixture medicine, and the mixture medicine may
be administered to inpatients, or the like. Such an operation
of mixing medicines 1s usually performed manually by
nurses or pharmacists (hereinaiter referred to as an opera-
tor), for whom 1t 1s a heavy burden. In addition, the medicine
containers that contain medicines have variety in type and
shape. Also, 1n a case where an anticancer agent 1s dissolved
by mixing with a liquid medicine, the mixture solution 1s
harmiul to humans and can be dangerous 1f the mixture
solution leaks out from the medicine container to external
air. Theretfore, the mixing of medicines such as an anticancer
agent needs to be operated 1 a work space of the hospital
which 1s designed in consideration of safety (e.g. 1n a safety
cabinet). In other words, operators are required to efliciently
perform the mixing operation in the work space designed in
consideration of safety. In order to ease such an operation,
there has been suggested a device for sately and automati-
cally sucking medicines from medicine containers (see, for
example, Patent Literature 1).

FI1G. 22 illustrates a structural view of a dispensing device
of Patent Literature 1 as an example of a conventional
medicine mixing device.

The dispensing device 1 illustrated in FIG. 22 15 a device
for dispensing radioisotope, 1.€., a radioactive medicine that
1s hard to be handled. The dispensing device 1 dispenses a
radioactive medicine from a storage container 4 located at
the top of the device into a mixing container 5 located at the
bottom of the device by moving an injection syringe 6 by
means of a lifting mechanism 2 and a rotating mechanism 3.
Radioactive medicines require to be handled with great care.
Therefore, the storage container 4 1s fixed to the device by
a container holding portion 7 provided at the top of the
device. The radioactive medicine 1s sucked mto the injection
syringe 6 by sticking a needle 6a of the 1njection syringe 6
into the storage container 4. Subsequently, the injection
syringe 6 1s moved to a position near the mixing container
5 by means of the lifting mechanism 2 and the rotating
mechanism 3, and then the radioactive medicine 1s dis-
pensed by discharging the radioactive medicine from the
injection syringe 6 into the mixing container 5.

CITATION LIST
Patent Literature

Patent Literature 1: Unexamined Japanese Patent Publi-
cation No. H0O1-244759

SUMMARY OF INVENTION

Technical Problem

However, in the above described dispensing device 1, in
order to dispense medicines, the injection syringe 6 needs to
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be moved or rotated 1n the vertical direction, and thus, there
1s a problem that the device 1s increased in size. When the
device 1s increased in size, operators may not be able to
perform medicine handling operation near a position on the
operator’s side.

In order to solve the above described problem, an object
of the present invention 1s to provide a medicine transfusion
apparatus and a medicine transiusion method, each of which
1s capable of being set in a limited space and capable of
clliciently transfusing a medicine.

Solution to Problem

In order to achieve the above-described object, the present
invention has the following construction.

In order to solve the above problem, a medicine transiu-
s10n apparatus according to an aspect of the present mnven-
tion, 1s a medicine transiusion apparatus transfusing a medi-
cine between a medicine container and a syringe by the
syringe, the medicine transfusion apparatus comprising:

a medicine cassette that holds the medicine container;

a lifting unit that moves the medicine cassette upward and
downward between a middle position on an upper portion
and a lower position of a main body along an arcuate path
while maintaining a horizontal attitude of the medicine
cassette using a pair of parallel link mechanmisms;

a first holding portion that 1s capable of holding the
syringe and 1s detachably mounted to the main body;

a first driving unit that relatively moves the medicine
cassette and the first holding portion so that a needle of the
syringe held by the first holding portion 1s inserted into the
medicine container; and

a second driving unit that drives a plunger of the syringe

to transfuse the medicine between the syringe and the
medicine container.

In order to solve the above problem, a medicine transiu-
s1on method according to the present invention 1s a medicine
transiusion method comprising:

a first step of moving a medicine cassette holding a
medicine container upward from a lower position of a main
body to a middle position on an upper portion of the main
body along an arcuate path while maintaining a horizontal
attitude of the medicine cassette by a lifting unit utilizing a
pair of parallel link mechanisms;

a second step of reloading the medicine cassette from a
first pedestal of the lifting unit to a second pedestal of a first
driving unit in the middle position after the first step;

a third step of inserting a needle of a syringe held by a first
holding portion 1nto the medicine container held by the
medicine cassette after the second step; and

a fourth step of driving a plunger of the syringe to
transiuse a medicine between the syringe and the medicine
container after the third step.

ftects of Invention

[T

According to each aspect of the present invention, a
medicine transiusion apparatus and a medicine transiusion
method, each of which 1s capable of being set 1n a limited
space and capable of efliciently transfusing the medicine and
a medicine transfusion method can be achieved.

BRIEF DESCRIPTION OF DRAWINGS

These and other objects and features of the present
invention will become clear from the following description



US 9,433,558 B2

3

taken 1n conjunction with the preferable embodiments
thereol with reference to the accompanying drawings, in
which:

FIG. 1 1s a perspective view showing a schematic con-
struction of a medicine mixing device according to a first
embodiment of the present invention;

FIG. 2A 1s a plan view of the medicine mixing device
according to the first embodiment of the present invention;

FIG. 2B 1s a plan view of the medicine mixing device
according to the first embodiment of the present invention,
in which a state where a medicine cassette 1s positioned 1n
a middle position i FIG. 2A 1s illustrated by dotted lines
(1llustration of a pedestal 1s omitted);

FIG. 3 1s a bottom view showing a schematic construction
ol a second holding portion 1n the medicine cassette of the
medicine mixing device according to the first embodiment
of the present invention;

FIG. 4 1s a side view including a partial cross section
schematically illustrating a state where a medicine container
1s fixed to the medicine cassette;

FIG. 5A 1s a side view outlining an operation 1n a lifting
unit of the medicine mixing device according to the first
embodiment of the present mvention with a first holding
portion being virtually 1llustrated;

FIG. 5B 1s a side view outlining an operation 1n the lifting
unit of the medicine mixing device according to the first
embodiment of the present invention with the first holding
portion being removed;

FIG. 6 1s a perspective view ol the medicine mixing
device according to the first embodiment of the present
invention illustrating a state just before the first holding
portion 1s mounted on a main body;

FIG. 7 1s a block diagram illustrating the relationship
between a controlling section and each driving unit etc. of
the medicine mixing device according to the first embodi-
ment of the present invention;

FIG. 8 1s a schematic illustrative view for illustrating a
driving mechanism of a syringe of the medicine mixing
device according to the first embodiment of the present
imnvention;

FIG. 9 1s a front view illustrating an example, 1n which the
medicine mixing device according to the first embodiment
of the present invention 1s placed 1n a small space;

FIG. 10 1s a specific flow chart illustrating a medicine
mixing method according to the first embodiment of the
present mvention;

FIG. 11 1s a specific flow chart illustrating the medicine
mixing method according to the first embodiment of the
present ivention;

FI1G. 12 1s a specific flow chart 1llustrating the medicine
mixing method according to the first embodiment of the
present ivention;

FIG. 13 1s a perspective view 1illustrating the medicine
cassette of the medicine mixing device according to the first
embodiment of the present invention in a state where the
medicine container 1s not held;

FIG. 14 1s a perspective view illustrating the medicine
cassette of the medicine mixing device according to the first
embodiment of the present invention 1n a state where the
medicine container 1s held;

FIG. 15 1s a perspective view of the medicine mixing
device according to the first embodiment of the present
invention 1n a state before the medicine cassette 1s set on the

main body;
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FIG. 16 1s a perspective view ol the medicine mixing
device according to the first embodiment of the present
invention in a state where the medicine cassette 1s set on the
main body;

FIG. 17 1s a perspective view ol the medicine mixing
device according to the first embodiment of the present
invention in a state where the medicine cassette 1s moved
upward from a lower position up to a middle position;

FIG. 18 1s a perspective view of the medicine mixing
device according to the first embodiment of the present
invention 1n a state where the medicine cassette 1s positioned
in the middle position;

FIG. 19 1s a perspective view of the medicine mixing
device according to the first embodiment of the present
invention 1n a state before the medicine cassette positioned
in the middle position 1s reloaded from a first pedestal onto
a second pedestal;

FIG. 20 1s a perspective view of the medicine mixing
device according to the first embodiment of the present
invention in a state where the medicine cassette positioned
in the middle position 1s reloaded from the first pedestal onto
the second pedestal;

FIG. 21 1s a perspective view ol the medicine mixing
device according to the first embodiment of the present
invention 1n a state where the medicine cassette 1s moved up
to an upper position, and 1n a state where the first holding

portion 1s attached to the main body; and
FIG. 22 1s a structural view of a conventional medicine

mixing device.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention will be described
with reference to the drawings. It should be noted that the
same constituent elements will be given the same reference
numerals, and description thereotf will sometimes be omit-
ted. For easy understanding, the drawings are schematic
focusing on the constituent elements. Also, axes X, Y, and Z
are given 1n each drawing to facilitate understanding of the
relationship of each drawing.

First Embodiment

FIG. 1 1s a perspective view showing a schematic con-
struction of a medicine mixing device 10 according to a first
embodiment of the present invention. FIG. 2A 1s a plan view
of the medicine mixing device 10 according to the first
embodiment. FIG. 2B 1s a plan view of the medicine mixing
device 10, in which a state where a medicine cassette 1s
positioned 1 a middle position i FIG. 2A 1s 1llustrated by
dotted lines (1llustration of a pedestal 1s omitted). FIG. 3 1s
a bottom view showing a schematic construction of a second
holding portion 18 1n a medicine cassette 12 of the medicine
mixing device 10 according to the first embodiment. In
should be noted that in FIGS. 2A and 2B, illustration of a
syringe 11 and a first holding portion 16 1s omitted. FI1G. 4
1s a side view 1ncluding a partial cross section schematically
illustrating a state where medicine containers 17 are fixed to
the medicine cassette 12. FIG. 5A 1s a side view for outliming
operation 1n a lifting unit 13 of the medicine mixing device
10 according to the first embodiment with the first holding
portion 16 being virtually illustrated. FIG. 5B i1s a side view
for outlining operation in the lifting unit 13 of the medicine
mixing device 10 according to the first embodiment with the
first holding portion 16 being removed. The medicine mix-
ing device 10 according to the first embodiment 1s a medi-
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cine mixing device mixing a medicine such as injection the
medicine 1n the medicine container 17 using the syringe 11.

Here, the first holding portion 16 1s one example of a
syringe holder that holds the syringe 11, and the second
holding portion 18 1s one example of a port holder that holds 5
a port portion 17a of the medicine container 17. The lifting
unit 13 1s one example of a cassette lifting unit that moves
the medicine cassette 12 upward and downward between a
lower position 156 and a middle position 15¢. Herein, the
lower position 155 1s one example of a lower position where 10
the medicine cassette 12 1s to be set, and the middle position
15¢ 1s one example of a middle position where the medicine
cassette 12 1s to be delivered from a first pedestal 134 to a
second pedestal 14a. Also, an upper position 154 described
below 1s one example of a medicine transfusing position, 15
which 1s a home position where the transfusion of the
medicine 1s performed 1n the first embodiment. Further, the
medicine mixing device 10 1s one example of a medicine
transiusion apparatus transiusing the medicine, according to
the first embodiment of the present mvention, and a medi- 20
cine transfusion method in the description below i1s one
example of a medicine transfusion method transfusing the
medicine, according to the first embodiment of the present
invention. Further, a person, €.g. a nurse or a pharmacist,
who performs the operation, is referred to as an operator. 25

As 1llustrated 1n FIG. 1, the medicine mixing device 10 of
the first embodiment includes the medicine cassette 12, the
lifting unit 13, a first driving umt 14, a main body 15, the
first holding portion 16, and a second driving umt 19 (see
FIG. 6). The first driving unit functions as one example of 30
a vertical driving mechanism, and 1s one example of a
cassette driving unit driving the medicine cassette 12. The
second driving unit 19 1s one example of a plunger driving
unit driving a plunger 115 of the syringe 11.

As 1llustrated in FIGS. 2A, 2B, and 13, the medicine 35
cassette 12 1s constructed by an arc-shaped fixing unit 12f.
FIG. 13 1s a perspective view of the medicine cassette 12.
The fixing unit 12/'has a pair of position regulating holes 12¢
disposed at the inner-side portion on both ends of an
arc-shaped member, and a pair of position regulating holes 40
124, each disposed at the outer-side portion of the pair of
position regulating holes 12¢. Further, the fixing unit 12/
includes a plurality of the second holding portions 18
provided along the circumierential direction. Each one of the
plurality of the second holding portion 18 i1s capable of 45
holding one of a plurality of the medicine containers 17. The
medicine cassette 12 1s positioned with respect to the first
pedestal 13q and detachably placed on the first pedestal 134
in such a manner that a pair of positioning pins 134 of the
first pedestal 13a 1n the lifting unit 13 1s fitted with respect 50
to the pair of the position regulating holes 124 of the fixing
unit 12/,

The first driving unit 14 moves upward the medicine
cassette 12 held i the middle position 15¢ on an upper
portion of the main body 15 up to the upper position 154, 55
and moves the medicine cassette 12 1n a vertical direction
31a and 1n a rotating direction 315. Further, the first driving
unit 14 includes a first driving umit 14U (see FIG. 7)
including a motor 14Um and an encoder 14Ue, a second
driving unit 14R including a motor 14Rm and an encoder 60
14Re, and the second pedestal 14a having a T-plate shape.

The first driving umit 14U allows the T-plate shaped
second pedestal 14a to vertically move upward and down-
ward and to bring 1into contact with the fixing unit 12/ of the
medicine cassette 12. A projection 14e formed at the front 65
side of the T-plate shaped second pedestal 14qa 1s configured
to vertically pass through a notch 13e of the first pedestal

6

13a 1n the lifting unit 13 (see FIG. 2A). By passing through
the notch 13e, the second pedestal 14a 1s capable of hftmg
the fixing unmit 12/ of the medicine cassette 12 that 1s
detachably placed on the first pedestal 13aq upward from the
first pedestal 13a. When the medicine cassette 12 1s reloaded
from the first pedestal 13a onto the second pedestal 144, 1n
the first embodiment, the pair of positioning pins 134 of the
first pedestal 13a 1s disengaged from the pair of position
regulating holes 124 of the medicine cassette 12, and a pair
of positioning pins 14¢ of the second pedestal 14qa 1s fitted
into the pair of position regulating holes 12¢ of the medicine
cassette 12. The medicine cassette 12 positioned in the
middle position 15¢ can be reloaded from the first pedestal
13a onto the second pedestal 14a by utilizing the notch 13e.
The pair of positioning pins 14c¢ 1s stood upward at both ends
ol a base part side of the second pedestal 14a. The pair of
positioning pins 14¢ 1s configured to be engageable to or
disengageable from the pair of position regulating holes 12¢
of the medicine cassette 12 in the middle position 15¢. The
second driving unit 14R and the first driving unit 14U are
provided with detectors (see FIG. 7) including the encoders
14Ue¢ and 14Re that detect signals (e.g. rotational angle
signals of motor shafts) outputted from the respective
motors 14Rm and 14Um. On the basis of the signals
detected by the encoders 14Ue and 14Re, the second driving
unmt 14R and the first driving unit 14U respectively control
the rotation driving of the motors 14Rm and 14Um in
forward and reverse directions 1n a controlling section 100,
thereby performing predetermined moving up-down opera-
tion and rotating operation.

In the first driving unit 14U, the fixing unit 12/ of the
medicine cassette 12 1s reloaded from the first pedestal 134
onto the second pedestal 14a to move the medicine cassette
12 from the middle position 15¢ to the upper position 15d.
After that, the medicine cassette 12 1s moved upward
integrally with the second pedestal 14a 1n the vertical
direction 31a, and then, the medicine cassette 12 1s moved
to the upper position 154. In the upper position 1354, the
medicine cassette 12 1s driven up and down by the first
driving unit 14 1n the vertical direction 31a parallel to an
arrow 35, and 1s driven to rotate in the rotating direction 315.
The medicine cassette 12 inserts and ejects a needle 11a of
the syringe 11 with respect to the medicine container 17 by
being driven up and down in the vertical direction 3la.
Further, the medicine cassette 12 changes the position of
cach of the plurality of the medicine containers 17 with
respect to the needle 11a of the syringe 11 by being driven
to rotate in the rotating direction 31b. Here, the upper
position 154, which 1s the home position, 1s a position where
the entire medicine cassette 12 including the port portion
17a of the medicine container 17 can be rotated in the
rotating direction 315 without interfering with the tip of the
needle 11a of the syringe 11. On the other hand, after the
transiusion of the medicine 1s completed, the second ped-
estal 14a and the medicine cassette 12 are integrally moved
downward from the upper position 154 to the middle posi-
tion 15¢. Then, the pair of positioning pins 134 of the first
pedestal 13a 1s fitted mto the pair of position regulating
holes 124 of the medicine cassette 12, and the pair of
positioning pins 14¢ of the second pedestal 14a 1s passed
downward through the pair of position regulating holes 12¢
of the medicine cassette 12, thereby delivering the medicine
cassette 12.

As 1llustrated 1n FIG. 4, an example of the medicine
container 17 includes a plurality of vial bottles 175, or an
infusion bag 17c¢. Each medicine container 17 contains a
medicine for being mixed or transtfused. Each of the port
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portions 17a and a port portion 174 of the medicine con-
tainer 17 1s fixed to the second holding portion 18. That 1s,

as 1llustrated 1n FIGS. 3 and 4, the port portion 17a of the
vial bottle 175 and the port portion 174 of the infusion bag
17¢ are sandwiched from right and left sides by the second 5
holding portions 18 of the medicine cassette 12, so that the
plurality of the medicine containers 17 are held in an
inverted position by the medicine cassette 12 with the port
portions 17a and 175 being oriented downward.

Each of the second holding portions 18 includes, specifi- 10
cally as 1llustrated 1n FIGS. 3, 7, 13 and 14, a left and right
pair of fixing plates 18a that 1s movable 1n conjunction with
cach other, and an elastic member 18C, such as a spring
applying a biasing force toward the closing direction of the
pair ol fixing plates 18a. The left and right pair of fixing 15
plate 18a has a recess 1856 on an each opposing surface
thereol where the port portions 17a and 174 can be held, and
1s configured to be movable 1n the direction of an arrow 34.

It should be noted that FIG. 3 1s a bottom view as seen from
bottom to top of the second holding portion 18, and the vial 20
bottle 175 1s held 1 an iverted position by the second
holding portion 18. The left and right pair of fixing plates
18a of the second holding portion 18 moves in conjunction
with each other by a biasing force applied from the elastic
member 18C 1n the direction of the arrow 34, by which the 25
port portion 17a of the medicine container 17 1s fixed or
unfixed. In schematic illustrative views of FIGS. 2A and 2B,
the port portions 17a of three medicine containers 17 (e.g.
vial bottles 175) are fixed to the respective second holding
portions 18. Further, in FIGS. 13 and 14, the port portion 174 30
of the infusion bag 17¢ 1s engaged and held 1n such a manner
that an engaging plate 184 1s slidably fixed to the port
portion 174 1in an engaging hole 18e, the engaging hole 18¢
being another example of the second holding portion 18. For
one example, in FIGS. 13 and 14, the port portion 174 of the 35
infusion bag 17¢ 1s held at the center of the fixing unit 12f
of the medicine cassette 12 by the engaging plate 184 of the
second holding portion 18, and at each side of the engaging
plate 184, the port portions 17a of the plurality of vial bottles
175 are disposed to be held by a pair of the fixing plates 18a 40
of the second holding portion 18.

Use of the medicine cassette 12 configured as described
above allows the plurality of the medicine container 17 to be
eliciently disposed 1n a small space 1n the medicine mixing
device 10, and the desired medicine container 17 can be 45
positioned at a medicine extraction position 15¢ by arcuately
rotating the medicine cassette 12. As used hereimn, the
medicine extraction position 15g 1s a position 1n the medi-
cine mixing device 10, the position opposing the tip of the
needle 11a of the syringe 11 held by the first holding portion 50
16.

The lifting unit 13 includes, as illustrated 1 FIGS. 2A,
2B, and 15, the plate like first pedestal 13q having the notch
13¢ at the center thereot, a pair of parallel link mechanisms
136 each having one end being rotatably coupled to each 55
side wall of the first pedestal 134, and a fourth driving unit
13M (see FIG. 7). The fourth driving unit 13M 1s disposed
in the main body 135, and includes an encoder 13Me and a
motor 13Mm to which the other end of the pair of parallel
link mechanisms 1356 1s each coupled so that the pair of 60
parallel link mechanisms 135 1s driven to rotate 1n forward
and reverse directions in synchronism with each other. On
the basis signals obtained by detecting the rotation angle of
the motor 13Mm by the encoder 13Me or the like, the
controlling section 100 controls the rotation driving of the 65
motor 13Mm 1n forward and reverse directions, so that the
pair of parallel link mechanisms 135 1s rotated in clockwise
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or counterclockwise direction in synchronism with each
other. When the pair of parallel link mechanisms 135 1s
rotated 1n synchronism with each other, 1t 1s ensured that the
first pedestal 13a can be rotated and moved upward and
downward 1n an arcuate direction indicated by an arrow 32
along the forward surface of the main body 135 and along the
arcuate path between the lower position 156 and the middle
position 15¢ on the forward side of the main body 15 (see
FIGS. 16 to 18). At this time, since the pair of positioning
pins 13d of the first pedestal 134 1s fitted into the pair of
position regulating holes 124 of the medicine cassette 12, the
positioning 1s thereby maintained even though the medicine
cassette 12 moves between the lower position 156 and the
middle position 15c¢.

Here, as illustrated i FIG. 1, each of the parallel link
mechanisms 1356 of the first embodiment 1s constructed by a
single S-shaped member 135S and a single L-shaped mem-
ber 1351, which have shapes designed not to contact and
interfere with each other during the rotating operation.

As seen from the drawings including FIG. SA, in the
lower position 155, the parallel link mechanism 135 of the
first embodiment 1s configured such that the L-shaped link
1351 1s disposed vertically below the S-shaped link 135S.

Also, as seen from the drawings including FIG. 5B, the
parallel link mechanism 135 of the first embodiment has a
shape where a line L1 and a line L2 are parallel to each other
and form two sides of a parallelogram 1n the lower position
1556, and where a line L3 and a line L4 are parallel to each
other and form two sides of a parallelogram 1n the middle
position 15¢. Here, the lines L1 to L4 are lines connecting
between the centers of rotation of the portions each of which
1s rotatably coupled with the first pedestal 134, the portions

corresponding to the members holding the main body 15 and
the medicine cassette 12 at the opposed ends of the L-shaped
link 135L and at the opposed ends of the S-shaped link 1355.

In the first embodiment, use of the S-shaped member
135S and the L-shaped member 13bL configured as
described above keeps the parallel link mechanism 1356 out
of the way of the operation as much as possible when an
operator moves the first pedestal 13a of the lifting unit 13 to
the lower position 156 to laterally remove the medicine
cassette 12 from the main body 15. It should be noted that
the lower position 1556 of the main body 15 1s, as 1llustrated
in FIG. 9, positioned 1n the proximity of a workbench 21 of
a safety cabinet 20, and 1s a position where the operator
installs the medicine cassette 12 to the first pedestal 13a of
the lifting unit 13 1n the main body 15 and removes the
medicine cassette 12 from the first pedestal 13a. Meanwhile,
as 1llustrated 1n FIG. 9, the middle position 15¢ of the main
body 15 1s a position that 1s upwardly away from a working
surface 21 of the safety cabinet 20, and 1s a position where
the operation of mixing the medicine can be safely per-
formed 1n a place away from the operator.

As described above, in the medicine mixing device 10 of
the first embodiment, use of the pair of parallel link mecha-
nisms 135 allows the medicine cassette 12 on the first
pedestal 13a to be moved upward and downward along the
arcuate path that extends along the proximity of a forward
surface 15a of the main body 15, while maintaining the
horizontal attitude of the medicine container 17 supported
by the medicine cassette 12. The medicine container 17
supported by the medicine cassette 12 1s moved upward and
downward while maintaining the horizontal attitude, thereby
allowing to prevent the medicine cassette 12 from falling out
of the first pedestal 13a of the lifting unit 13 or preventing
vibrations to the medicine 1n the medicine container 17 on
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the medicine cassette 12 and foaming of the medicine
associated with the vibrations.

As 1llustrated in FIGS. 6 and 21, the first holding portion
16 1s detachably held by the forward surface 154 of the main
body 15 by detachably engaging an engaging hook (not
illustrated) of the first holding portion 16 to an engaging
groove 16g of the forward surface 15a. The first holding
portion 16 includes: a base 166 1n a plate-like shape;
V-groove shaped claws 16a fixed at upper and lower por-
tions of the base 16, for detachably and laterally sandwich-
ing and holding the syringe 11; and a coupling portion 16c¢
coupled to a fifth driving unit 19M. The coupling portion 16¢
holds a plunger 115 of the syringe 11 and then, vertically
moves integrally with the plunger 115 1n the vertical direc-
tion of an arrow 33, and 1s coupled with a plunger driving
pin 19a coupled to the fifth driving unit 19M 1n the main
body 15. In order that the first holding portion 16 and the
syringe 11 do not contact with the medicine cassette 12, 1n
the first embodiment, the medicine cassette 12 1s placed on
the first pedestal 13a, and 1s moved from the lower position
156 up to the mlddle position 15¢. After that, the first
holding portion 16 1s mounted on the main body 15. In other
words, when the medicine cassette 12 1s placed on the first
pedestal 13a and 1s moved from the lower position 155 up
to the middle position 15¢, and conversely, 1s moved down-
ward from the middle position 15¢ to the lower position 155,
the first holding portion 16 and the syringe 11 are removed
from the main body 15. The configuration as described
above realizes a reduction of the depth direction size of the
entire device.

The second driving unit 19 includes the driving pin 19a
coupling with the coupling portion 16¢ of the first holding
portion 16, and the fifth driving unit 19M that vertically
drives the drniving pin 19aq. The fifth driving unmit 19M
includes, for one example, as illustrated 1n FIGS. 7 and 8, a
motor 19Mm, an encoder 19Me that detects signals (e.g.
rotational angle signals of the motor shait) outputted from
the motor 19Mm so that the motor 19Mm can be controlled
in the controlling section 100, a ball screw 19x that rotates
in forward and reverse directions by the rotation of the motor
19Mm 1n forward and reverse directions, and a nut member
19y that vertically moves the ball screw 19x being thread-
ably engaged therewith (see FIG. 7). In FIGS. 6 and 15, the
driving pin 19a being coupled to the coupling portion 16¢
projects from the forward surface 15q of the main body 15,
and the driving pin 19 1s removably engaged with the
plunger 115. In a state where the driving pin 19a 1s coupled
with the coupling portion 16¢, the dniving pin 19a 1s
vertically driven by the rotation of the motor 19Mm in
torward and reverse directions, thereby vertically driving the
plunger 11b6. The fifth driving umt 19M drives the plunger
116 via the driving pin 194, so that the syringe 11 sucks a
predetermined amount of medicine from the medicine con-
tainer 17, or discharges the medicine from the syringe 11 to
the medicine container 17.

As 1llustrated 1n FIG. 7, the medicine mixing device 10
turther includes the controlling section 100. The controlling
section 100 controls drives of the second driving unit 14R,
the first driving unit 14U, the fourth driving unit 13M, and
the fifth dniving unit 19M on the basis of instructions
inputted from an operation panel 24 to execute respective
predetermined operations.

Further, the operation panel 24 (see FIGS. 2A and 2B) 1s
disposed 1n the proximity of the lower position 155 of the
medicine mixing device 10, the operation panel 24 allowing,
an operator to perform all the operations 1n proximity to the
lower position 155. The operation panel 24 has a delivery
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start button 24a, a setting completion button 245, a mount-
ing completion button 24¢, a removal completion button
24d, a dispensing completion button 24e, and an operation
completion button 24/.

The outline of the method mixing the medicine by using
the medicine mixing device 10 of the first embodiment wall
now be brietly described.

First, 1n a state where the first holding portion 16 and the
syringe 11 have not been mounted on the main body 15, an
operator (e.g. a nurse or a pharmacist) sets the medicine
cassette 12 on the first pedestal 13a of the lifting unit 13 1n
the lower position 155 of the main body 15 (see preparatory
operation prior to Step S14 to be described later).

When the operator starts mixing the medicine by operat-
ing the operation panel 24 (see FIGS. 2A and 2B), the
driving of the fourth driving unit 13M of the lifting unit 13
1s controlled under the control from the controlling section
100, so that the medicine cassette 12 together with the first
pedestal 13a 1s moved upward from the lower position 1556
up to the middle position 15¢ of the main body 15 via the
pair of parallel link mechanisms 135 (see Steps S14 and S135
to be described later).

After that, when the driving of the first driving umt 14U
of the first driving unit 14 1s controlled under the control
from the controlling section 100, the medicine cassette 12 1s
reloaded from the first pedestal 13a to the second pedestal
14a, and then the medicine cassette 12 1s moved upward
from the middle position 15¢ up to the upper position 154
(see Steps S16 to S19 to be described later).

Next, the operator mounts the syringe 11 on the main
body 15 together with the first holding portion 16.

After that, when the driving of the second driving unit
14R 1s controlled under the control from the controlling
section 100, the medicine cassette 12 1s rotated in the
rotating direction 315, so that the desired medicine container
17 (intended medicine container) 1s selected and disposed on
the medicine extraction position 15¢g located directly above
the needle 11a at the tip of the syringe 11 (see Steps S22-0
to S23 to be described later).

Next, when driving of the first driving unit 14U 1s

controlled under the control from the controlling section
100, the medicine cassette 12 together with the second
pedestal 14a 1s moved downward from the upper position
154 to a puncturing position, so that the needle 11a of the
syringe 11 1s mserted 1n the port portion 17a of the medicine

container 17 positioned on the medicine extraction position
15g (see Steps S24 and S25 to be described later).

After that, when the driving of the fifth dnving unit 19M
1s controlled under the control from the controlling section
100, the plunger 115 of the syringe 11 held by the first
holding portion 16 1s moved downward along the direction
of the arrow 33, so that the medicine 1s sucked from the
medicine container 17 mto the syringe 11 transfusing and
mixing (see Steps S26 and S27 to be described later).

Next, when the driving of the first driving unit 14U 1s
controlled under the control from the controlling section
100, the medicine cassette 12 together with the second
pedestal 14a 1s moved upward from the puncturing position
up to the upper position 154, so that the needle 11a of the

syringe 11 1s removed from the medicine container 17 (see
Steps S28 and S29 to be described later).

After that, 1f the medicine from another medicine con-
tamner 17 1s further transtfused into the syringe 11, the
medicine contamner 17 (intended medicine container) 1s
selected by rotating the medicine cassette 12 1n the rotating
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direction 315 under the control from the controlling section
100, and then puncture operation and transfusion operation
are performed again.

In such a manner as described above, the medicine in the
medicine container 17 on the medicine cassette 12 1s trans-
fused to and mixed 1n the syringe 11.

FI1G. 9 1s a front view illustrating an example, in which the
medicine mixing device 10 according to the first embodi-
ment of the present invention 1s placed 1n a small space in
a hospital or a dispensary or the like. In FI1G. 9, the medicine
mixing device 10 1s disposed, for example, on the work-
bench 21 1n the safety cabinet 20. In the first embodiment,
the operator performs the mixing operation 1 a limited
space of the safety cabinet 20 as illustrated 1n FIG. 9, 1n
particular, 1n the space 1n proximity to the forward surface
15a and the middle position 15¢ of the main body 15 1n the
medicine mixing device 10.

On the forward surface of the safety cabinet 20, an
opening 205 1s provided, through which the operator’s hand
or the medicine container 17 can be taken 1n and out.
Taking-in and -out of the medicine to the interior of the
safety cabinet 20, or manipulation of the medicine mixing
device 10 in the safety cabinet 20, and mounting and
removal of the medicine contamner 17 to and from the
medicine cassette 12 are available utilizing this opening 205.

In the safety cabinet 20, clean air 1s flown downward from
an upper portion 20c¢ to a lower portion 204 so that clean-
liness of the interior 1s maintained and no interior atmo-
sphere leaks from the safety cabinet 20, and air 1s strongly
taken 1n from an air inlet (not illustrated) provided on the
workbench 21 positioned in the proximity of the opening
20b. Such an arrangement ensures cleanliness and safety of
the 1nterior of the safety cabinet 20.

The medicine mixing device 10 may also be associated
with a server in the hospital (not illustrated) to display
information on the medicine and medical care, information
on manipulation of the medicine mixing device 10, or the
like on a monitor 22 disposed 1n the interior of the safety
cabinet 20.

In the first embodiment, the reason why it 1s possible to
perform medicine mixing operation in such a small work
space as 1illustrated in FIG. 9 1s because the work space
required for the medicine mixing operation using the medi-
cine mixing device 10 of the first embodiment 1s configured
to be fitted mnto a limited space around the lower position
156 of the main body 15. Therefore, the medicine mixing
device 10 of the first embodiment allows operation of
mixing the medicine, such as anticancer agents, which
required to be operated 1n an enclosed space, to be safely
performed, and thus 1s a mixing device (transfusing device)
suitable for setting 1 a small work space. The medicine
mixing device 10 of the first embodiment 1s particularly
advantageous when being used 1n a satety cabinet, of which
opening 1s disposed 1n the proximity of a lower portion (only
the area approximately directly above a workbench). The
reason 1s that the medicine mixing device 10 of the first
embodiment allows all operations to be performed in the
proximity of the lower position 156 of the main body 15.

A medicine mixing method according to the first embodi-
ment of the present invention using the above medicine
mixing device 10 will now be specifically described with
reference to tlow charts. FIGS. 10, 11, and 12 are specific
flow charts 1llustrating a medicine mixing method according
to the first embodiment of the present invention, and illus-
trate transfusion preparatory operation, transfusion opera-
tion, and transfusion end operation. Heremaftter, a descrip-
tion will be given along these flow charts.
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First, in order to initiate operation of the medicine mixing,
device 10, an operator depresses the delivery start button
24a on the operation panel 24. At this time, the operator
causes the medicine cassette 12 to hold the medicine con-
tamner 17 that 1s used for mixing, 1n the second holding
portion 18. More specifically, as a cassette setting step
performed by the operator (preparatory operation prior to
Step S14 1n FI1G. 10), the medicine container 17 1s set on the
medicine cassette 12 such that the plurality of the medicine
containers 17 are respectively held by the plurality of the
second holding portions 18 1n an inverted position (see FIG.
13). At this stage, the medicine cassette 12 1s disposed
separately from the medicine mixing device 10. When the
delivery start button 24a 1s depressed, the first pedestal 13a
of the lifting unit 13 moves to the lower position 1556 of the
medicine mixing device 10 and 1s brought into a standby
state.

Next, the operator places and sets the medicine cassette 12
holding the medicine container 17 on the first pedestal 13a
of the lifting unit 13 being in the standby state at the lower
position 155 of the medicine mixing device 10 (see FIG. 14).
Specifically, the operator places and sets the medicine cas-
sette 12 on the first pedestal 13a while fitting each of the pair
of positioning pins 134 of the first pedestal 134 into each of
the pair of position regulating holes 124 of the medicine
cassette 12 to position the fixing unit 12f on the first pedestal
13a (see FIGS. 15 and 16). The operator depresses the
setting completion button 245 of the operation panel 24
when the setting of the medicine cassette 12 to the first
pedestal 13a 1s completed. These steps are included 1n the
medicine cassette setting step, and are the preparatory opera-
tions before Step S14 of FIG. 10 1s performed.

Next, when the preparatory operation 1s completed and
the setting completion button 245 of the operation panel 24
1s depressed, the transfusion preparatory operation of FIG.
10 15 mitiated under the control from the controlling section
100. That 1s, the controlling section 100 controls the driving
of the fourth driving unit 13M of the lifting unit 13, so that
the medicine cassette 12 together with the first pedestal 13a
1s, as 1llustrated in FIGS. 1, 5, and 16 to 19, lifted from the
lower position 155 up to the middle position 15¢ of the main
body 15 by the pair of parallel link mechanisms 135 of the
lifting unit 13 (see Step S14 and FIGS. 16 to 19). At this
time, since the medicine cassette 12 1s lifted up by the pair
of parallel link mechanisms 135 each of which includes a
pair of one S-shaped member 135S and one L-shaped
member 1351, the medicine cassette 12 1s raised from the
lower position 1556 to the middle position 15¢ while main-
taining the horizontal attitude thereof. In the first embodi-
ment, 1n this Step S14, the first pedestal 134 1s raised by the
lifting unit 13 from the lower position 156 up to the middle
position 15¢ along the forward surface 154 of the main body
15 1n an arcuate path indicated by the arrow 32 of FIG. §.

Next, the controlling section 100 controls operation of the
fourth driving unit 13M so that the lifting-up operation of
Step S14 1s continued until the lifting-up of the medicine
cassette 12 to the middle position 15¢ 1s completed (Step
S15). That 1s, on the basis of the signals detected by the
encoder 13Me 1n the fourth driving unit 13M, the controlling
section 100 controls the driving of the motor 13Mm, so that
the fourth driving unit 13M continues driving in Step S14
until the lifting-up operation of the medicine cassette 12 to
the middle position 15¢ 1s completed. The processes of Steps
S14 and S15 are included 1n a first step. The first step 1s one
example of a lifting-up step of lifting the medicine cassette
12 from the lower position 1556 up to the middle position

15¢.
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Next, when the lifting-up of the medicine cassette 12 to
the middle position 15¢ of the main body 15 1s completed
(YES 1n Step S15), as 1llustrated in FIGS. 5, 18, and 19, the
controlling section 100 controls the dnving of the first
driving unit 14U, so that the second pedestal 14a waited 1n
a standby position 15¢ located below the first pedestal 13a
of the lifting unit 13 1s raised along the arrow 35 up to the
middle position 15¢ where the medicine cassette 12 from the
standby position 15e¢ 1s received (Step S16). On the basis of
the signals detected by the encoder of the fourth driving unit
13M, when the controlling section 100 detects that the
reloading of the medicine cassette 12 from the first pedestal
13a to the second pedestal 14a 1s completed 1n the middle
position 15¢, the driving of the fourth driving unit 13M 1s
stopped. At this time, the projection 14e on the front side of
the second pedestal 14a passes through the notch 13e of the
first pedestal 134, and 1s brought 1nto contact with the fixing
unit 12/ of the medicine cassette 12, so that the fixing unit
12/ 1s lifted up and reloaded from the first pedestal 13a.
When the controlling section 100 controls the driving of the
first dniving umt 14U, in the case where the controlling
section 100 determines that a predetermined distance of
raise has not been completed and thus the reloading of the
medicine cassette 12 to the second pedestal 14a has not been
completed, the second pedestal 14q 1s further raised by the
first driving unit 14U under the control from the controlling
section 100 1n Step S16 (see NO 1n Step S17, Step S16 and
FIGS. 18 and 19).

Next, when the controlling section 100 determines that
the reloading of the medicine cassette 12 to the second
pedestal 14a has been completed by means of the predeter-
mined distance of the raise of the second pedestal 14a(YES
in Step S17), belore starting mixing the medicine, the
second pedestal 14a 1s further raised by the first driving unit
14U under the control from the controlling section 100 1n the
vertical direction 31a (see FIG. 1) parallel to the arrow 35
(see FIG. 5B) up to the upper position 154 which 1s the home
position. At this time, since the medicine cassette 12 1s raised
together with the second pedestal 14a, the port portion 174
of the medicine contamner 17 1s raised up to the upper
position 15d (Step S18).

Next, under the control from the controlling section 100,
the hifting-up operation of Step S18 1s continued until the
raise of the second pedestal 14a and the port portion 17a up
to the upper position 154 1s completed (see NO 1n Step S19,
Step S18, and FIG. 19). Specifically, on the basis of the
signals detected by the encoder of the first driving unit 14U,
when the controlling section 100 detects that the raise of the
second pedestal 14a and the port portion 17a up to the upper
position 154 1s completed, the driving of the first driving unit
14U 1s stopped. When the controlling section 100 deter-
mines that the second pedestal 14a has been raised up to the
upper position 154 and when the controlling section 100
determines that the port portion 17a of the medicine con-
tainer 17 has been disposed on the upper position 154 (Step
S19, see FIG. 20), the preparatory operation the mixing
operation of the medicine 1s completed. The processes from
Steps S16 to S19 are included 1n a second step. The second
step 1s a cassette delivering step, 1n which the medicine
cassette 12 1s delivered from the first pedestal 13a to the
second pedestal 14a. The processes from Step S14 to Step
S19 are included 1n the transfusion preparatory operation.

When the completion of the transfusion preparatory
operation 1s determined in such a manner as described, under
the control from the controlling section 100, the medicine
mixing device 10 instructs the operator to mount the first
holding portion 16 on the main body 15 by means, for
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example, of lighting up a lamp. In response to the instruc-
tion, the operator mounts the first holding portion 16 that
holds the syringe 11 on the forward surface 15a of the main
body 15. By virtue of this mounting, the coupling portion
16¢ of the first holding portion 16 1s coupled to the driving
pin 19a, thereby allowing the plunger 115 to move integrally
with the driving pin 19a.

Next, when the mounting of the first holding portion 16 1s
completed and when the operator depresses the mounting
completion button 24¢ of the operation panel 24, the medi-
cine mixing device 10 inmitiates the transtusion operation of
the FIG. 11 under the control from the controlling section
100. That 1s, the controlling section 100 controls the driving,
of the second driving unit 14R to rotate the medicine cassette
12 1n forward and reverse direction with respect to the
rotating direction 315. By rotating in such a manner as
described, the medicine container 17 subjected to sucking or
discharging operation (intended medicine container) can be
selected and disposed on the medicine extraction position
15g located directly above the needle 11a at the tip of the
syringe 11 (Step S22 of the FIG. 11). Here, the selection of
the medicine container 17 1s determined on the basis of
information on a prescription obtained, for example, from a
server 1n the hospital (not illustrated), or information mput-
ted by the operator (see Step S22-0 of FIG. 11, 1.e., the step
one step before Step S22 of FIG. 11). Here, the controlling
section 100 controls the driving of the second driving unit
14R to move the medicine container 17 by rotating the
medicine cassette 12 1n the rotating direction 315 until the
selection of the intended medicine container 17 1s completed
(NO 1n Step S23, Step S22). For example, when the types
and internal capacities of all medicine containers 17 set on
the medicine cassette 12 are stored beforehand 1n a storage
section 101, appropriate medicine 1s selected from the
storage section 101 on the basis of information on the
prescription or information inputted by the operator, then the
difference between the position of the medicine container 17
containing the medicine and the position opposing the
needle 11a of the syringe 11 (medicine extraction position
15g) 1s calculated by an arithmetic operation section 102,
and the amount of the rotation of the medicine cassette 12
may be controlled by driving the second driving unit 14R on
the basis of the calculated result. The processes from Steps
S21 to S23 are included 1n a fifth step. The fifth step 1s one
example of a medicine-container selecting step, 1n which the
intended medicine container 1s selected, and the fifth step 1s
performed at at least one of before and aifter the third step,
and before the fourth step, which will be described later.

Next, when the selection and placement of the medicine
container 17 subjected to sucking or discharging operation 1s
completed (YES 1n Step S23), the first driving unit 14U
moves the medicine cassette 12 together with the second
pedestal 14a downward 1n the vertical direction 31a from
the upper position 154 to cause the needle 11a to puncture
the port portion 17a of the medicine container 17 positioned
in the medicine extraction position 15g (Step S24). Here, the
controlling section 100 controls the dniving of the first
driving unit 14U to move the medicine cassette 12 down-
ward 1n the vertical direction 31a until the puncture of the
needle 11a into the intended medicine container 17 1s
completed (NO 1n Step S25, Step S24). That 1s, on the basis
of signals detected by the encoder 14Ue 1n the first driving
unmt 14U, the controlling section 100 controls the driving of
the motor 14Um, so that the controlling section 100 contin-
ues controlling the driving of the first driving unit 14U in
Step S24 until the puncture of the needle 11a into the
intended medicine container 17 positioned from the upper
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position 154 to the medicine extraction position 15g 1s
completed (1n other words, until a predetermined distance of
the downward movement of the medicine cassette 12 1s
completed). The processes from Steps S24 and S235 are
included 1n a third step. The third step 1s a cassette moving-
down step, in which the medicine cassette 12 1s moved
downward for inserting the needle 11q of the syringe 11 into
the medicine container 17.

Next, the controlling section 100 determines that the
needle 11a 1s punctured into the port portion 17a of the
medicine container 17 subjected to sucking or discharging,
operation that 1s positioned in the medicine extraction posi-
tion 15g (YES 1n Step 25). When the puncture 1s determined,
the controlling section 100 controls the driving of the fifth
driving unit 19M to imtiate either one of the following
operations: sucking the medicine from the medicine con-
tainer 17 subjected to sucking operation to the syringe 11 by
virtue of downward movement of the plunger 115, or
discharging the medicine from the syringe 11 to the medi-
cine container 17 subjected to discharging operation by
virtue ol upward movement of the plunger 115 (Step S26).
Here, the controlling section 100 controls the driving of the
fifth driving unit 19M to continue sucking or discharging the
medicine until the predetermined amount of medicine 1s
tully sucked to or discharged from the syringe 11 (NO 1n
Step S27, Step 26). As a specific example, the case where the
medicine 1s sucked from the vial bottle 175 or the like to the
syringe 11, or the case where the medicine 1s discharged
from the syringe 11 to the infusion bag 17¢ or the like 1s
considered. In this case, first, 1n the medicine mixing device
10, the controlling section 100 controls the driving of the
second drniving unit 14R to drive and rotate the medicine
cassette 12, and then, as illustrated 1n FIG. 5§, the medicine
container 17 to be used for mixing or transiusing 1s disposed
on the medicine extraction position 15g located directly
above the needle 11a of the syringe 11. After that, the
controlling section 100 controls the driving of the first
driving unit 14U to move the medicine cassette 12 down-
ward along the arrow 35 so that the needle 11a at the tip of
the syringe 11 held by the first holding portion 16 1s mserted
into the port portion 17a of the medicine container 17. When
the needle 114 1s 1nserted into the medicine container 17, the
controlling section 100 controls the driving of the fifth
driving unit 19M to move the plunger 115 of the syringe 11
downward along the arrow 33, so that the predetermined
amount of the medicine 1s sucked from the vial bottle 1756 or
the like to the syringe 11 (or the medicine 1s discharged from
the syringe 11 to the infusion bag 17¢ or the like). Herein,
description 1s be given using the vial bottle 1756 or the
infusion bag 17¢, which 1s used at higher frequencies mixing
a plurality of medicines, as the medicine container 17.

When the controlling section 100 determines that the
predetermined amount of medicine 1s fully sucked to or
discharged from the syringe 11 (YES m Step 27), the
controlling section 100 controls the dniving of the first
driving unit 14U to move the medicine cassette 12 up to the
upper position 154 (NO 1n Step S29, Step S28). After the
controlling section 100 determines that the medicine cassette
12 has been moved up to the upper position 154 (YES 1n
Step S29), the controlling section 100 appropriately controls
the driving of the second driving unit 14R, the first driving,
unit 14U, and the fifth driving unit 19M to continuously
repeat the operations of Steps S22 to S29 for all the intended
medicines which are subjected to mixing operation (Step
S30). In other words, 1n Step S30, if the mixing of all the
intended medicine containers 17 has not been completed
(NO 1n Step S30 of the FIG. 11), then return to Step S22 to
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repeat the operations of Steps S22 to S29. In the case where
sucking or discharging of intended medicine in another
medicine container 17 1s performed, under the control from
the controlling section 100, the first driving unit 14U moves
the medicine cassette 12 up to the upper position 154 to
remove the needle 11a from the medicine container 17, then
the second driving unit 14R rotates the medicine cassette 12
in forward and reverse direction with respect to the rotating
direction 315 to dispose the another medicine container 17
on the syringe 11. After the first driving unit 14U 1s driven
to move the medicine cassette 12 downward to 1nsert the
needle 11a 1nto the medicine container 17, the fifth driving
unit 19M drives the plunger 115 of the syringe 11 to perform
the sucking or discharging of the predetermined amount of
another intended medicine. The processes from Step S22 to
this Step S30 are included in the transiusion operation.

Here, the operator may visually determine (check)
whether or not the predetermined amount of the medicine
has been fully sucked to or discharged from the syringe 11
in Step S27. In the case of visual check by the operator, upon
completion of Step S27, the operation of the medicine
mixing device 10 1s temporarily suspended, and based on
whether or not a visual check by the operator 1s necessary,
the operator, for example, structs the controlling section
100 to perform fine adjustments to the amount of sucking or
the amount of discharging.

It should be noted that during the processes from Step S22
to Step S29, the medicine contained in the medicine con-
tainer 17 may be stirred and dissolved 1n such a manner that
under the control from the controlling section 100, the first
driving unit 14U or the second driving unit 14R drives the
medicine cassette 12 1n the vertical direction 31a or in the
rotating direction 31b. As described above, by stirring and
dissolving the medicine during the mixing operation of the
medicine, the medicine 1n the medicine containers 17 can be
ciliciently mixed 1n a short time.

When mixing operation for all the intended medicine
containers 17 1s completed (YES 1n Step S30 of FIG. 11), by
the control from the controlling section 100, the medicine
mixing device 10 instructs the operator to remove the first
holding portion 16 from the main body 15 by means, for
example, of lighting up the lamp (preparatory operation
prior to Step S35 of FIG. 12). When the removal of the first
holding portion 16 from the main body 15 by the operator 1s
completed, the operator depresses the removal completion
button 244 of the operation panel 24 (preparatory operation
prior to Step S35 of FIG. 12).

When the removal completion button 24d 1s depressed,
the transtusion end operation 1n FIG. 12 1s mitiated by the
control from the controlling section 100. That 1s, the con-
trolling section 100 controls the driving of the first driving
unmit 14U to move the medicine cassette 12 from the upper
position 154 down to the middle position 15¢ (Step S35 of
FIG. 12). Here, the second pedestal 14a keeps moving
downward until the downward movement of the second
pedestal 14a to the middle position 15¢ where the medicine
cassette 12 can be delivered to the first pedestal 134, and the
release (disengagement) of the medicine cassette 12 from
the second pedestal 14a are determined (NO 1n Step S36,
Step S35). The processes of Steps S35 and S36 are included
in a sixth step. The sixth step 1s a cassette releasing step, 1n
which the medicine cassette 12 1s released from the second
pedestal 14a.

When the completion of the delivery and the release of the
medicine cassette 12 1s determined (YES 1n Step S36), the
controlling section 100 controls the driving of the fourth
driving unit 13M so that the first pedestal 13a lifts the
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medicine cassette 12 downward from the position 1n prox-
imity to the middle position 15¢ of the main body 15 to the
lower position 155 (Step S40). Here, the lifting unit 13
includes the pair of parallel link mechanisms 135, and thus
1s capable of lifting down the medicine cassette 12, while
maintaining the horizontal attitude of the medicine cassette
12. This process of Step S40 15 a cassette lifting-down step,
which 1s one example of a seventh step. The processes from
Step S35 to this Step S40 are included 1n the transfusion end
operation. The operator subsequently removes the medicine
cassette 12 from the first pedestal 13a of the lifting unit 13,
and depresses the operation completion button 24f.

Next, when the operation completion button 24f 1s
depressed, the lifting unit 13 moves the first pedestal 13a of
the lifting unit 13 up to the position 1 proximity to the
middle position 15¢. When the raise of the first pedestal 134
up to the middle position 15¢ 1s completed, a series of
medicine mixing operation 1s ended.

It should be noted that the step of attaching the first
holding portion 16 and Steps S22 and S23 of selecting the
medicine container 17, are the steps performed as needed,
and thus may be omitted when deemed unnecessary.

Also, a return operation to the standby position 15¢ of the
second pedestal 14a may be iserted after YES 1n Step S36.
In this case, the controlling section 100 controls the driving
of the first driving unit 14U to move the second pedestal 14a
downward to the standby position 15¢ (Step S37). The
operation 1s continued until the downward movement of the
second pedestal 14a to the standby position 15e 1s completed
(NO 1n Step S38, Step S37), and when the completion of the
downward movement of the second pedestal 14a to the
standby position 15¢ 1s determined (YES 1n Step S38), the
operator depresses the dispensing button 24e of the opera-
tion panel 24 instructing the dispensing of the medicine
cassette 12 (Step S39). At this time, depressing the dispens-
ing button 24e may lead to Step S40.

It should be noted that here, such steps as the preparatory
operation step before Step S14, the step of attaching the first
holding portion 16 to the main body 135 after Step S19, and
the step of removing the first holding portion 16 from the
main body 15 before Step S35 are performed manually by
the operator, and other steps (such as the steps 1n FIGS. 10
to 12) are automatically operated by the medicine mixing
device 10.

The medicine mixing device 10 of the first embodiment
having such a configuration as described above provides a
safe handling of a plurality of medicines, and also allows
operators to efliciently perform medicine mixing and trans-
fusing operation 1 a limited work space. Further, the
medicine mixing device 10 of the first embodiment has the
characteristic shaped parallel link mechanisms 135, by
which the medicine mixing device 10 of the first embodi-
ment can be compact, yet allowing operators to easily handle
a plurality of medicines only at hand. Therefore, the medi-
cine mixing device 10 of the first embodiment 1s particularly
advantageous when mixing operation 1s performed at a
limited space 1n a hospital, or the like.

It should be noted that in the first embodiment, the
medicine cassette 12 and the first holding portion 16 are
configured to be detachable from the main body 15, which
facilitates cleaning, maintenance, and replacement of the
medicine cassette 12 or the first holding portion 16.

Further, the second holding portion 18 may have a cen-
tering retention mechanism, in such a manner that the
recesses 186 on each opposing face of the pair of the fixing
plate 18a 1s formed 1n a V-valley shape, and a pair of the
recesses 1856 holds the cylindrical-shaped port portions 174
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and 17d therebetween, such that the center of the port
portions 17a and 174 automatically coincides with the center
position of the pair of the recesses 185 formed between the
pair of the fixing plates 18a. This configuration ensures that
the position of the second holding portion 18 can be adjusted
with the position of the tip of the needle 11a of the syringe
11, thereby providing a well-defined insertion of the needle
tip of the syringe 11 into the center of the port portion 17a
of the medicine container 17.

As regards vertical driving mechanism, 1t 1s not limited to
the first driving unit 14, in which the medicine container 17
vertically moves with respect to the fixed syringe 11, and
instead, a mechanism may also be employed, in which the
syringe 11 moves vertically with respect to the fixed medi-
cine container 17. Such a mechanism may include a ball
screw that rotates 1n forward and reverse direction by the
rotation of a motor, and a nut member that moves up and
down with being threadably engaged with the ball screw,
and by fixing the syringe 11 to the nut member, the syringe
11 can be vertically moved by the rotation of the motor 1n
forward and reverse direction.

By properly combining the arbitrary embodiment (s) or
modification(s) of the atorementioned various embodiments
and modifications, the eflects possessed by the
embodiment (s) or modification(s) can be produced.

Although the present invention has been fully described 1n
connection with the preferable embodiments thereof with
reference to the accompanying drawings, it 1s to be noted
that various changes and modifications are apparent to those
skilled 1n the art. Such changes and modifications are to be
understood as included within the scope of the present
invention as defined by the appended claims unless they
depart therefrom.

INDUSTRIAL APPLICABILITY

The medicine transiusion apparatus and the medicine
transiusion method according to the present invention are
capable of being set or operated 1n a limited space, capable
of ethciently transfusing a medicine, and thus are advanta-
geous 1n transfusing operation of a medicine performed by
nurses and pharmacists 1 hospitals.

The mnvention claimed 1s:

1. A medicine transiusion apparatus transfusing a medi-
cine between a medicine container and a syringe by the
syringe, the medicine transfusion apparatus comprising:

a medicine cassette that holds the medicine container:;

a lifting unit that moves the medicine cassette upward and
downward between a middle position on an upper
portion and a lower position of a main body along an
arcuate path while maintaiming a horizontal attitude of
the medicine cassette using a pair of parallel link
mechanisms;

a first holding portion that 1s capable of holding the
syringe and 1s detachably mounted to the main body;

a first driving unit that relatively moves the medicine
cassette and the first holding portion so that a needle of
the syringe held by the first holding portion 1s nserted
into the medicine container; and

a second driving unit that drives a plunger of the syringe
to transfuse the medicine between the syringe and the
medicine container.

2. The medicine transfusion apparatus according to claim

1, wherein

cach of the pair of parallel link mechanisms comprises an

L-shaped link and an S-shaped link, one end of each of

the links 1s coupled to the main body, and an other end
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of each of the links 1s coupled to a first pedestal of the 9. The medicine transtusion apparatus according to claim
lifting unit holding the medicine cassette. 1, wherein
, 3.hThe'medlcme transfusion apparatus according to claim the medicine cassette has a second holding portion that
, wherein

holds a port portion of the medicine container, and
comprises a centering retention mechanism that makes
a center of the port portion correspond to a position of
the needle of the syringe.

in the parallel link mechanism, the L-shaped link 1s 4
disposed vertically below the S-shaped link in the
lower position.

4. The medicine transfusion apparatus according to claim

3. wherein 10. The medicine transfusion apparatus according to
in the parallel link mechamism, a line connecting between 0 claim 1, wherein
portions each being coupled to the main body and to the the medicine cassette and the first holding portion are
first pedestal at both ends of the L-shaped link, and a adapted to be detachable from the main body.
line connecting between portions each being coupled to 11. A medicine transfusion method comprising:
the main body. and to the first pedestal at lf{oth ends of a first step of moving a medicine cassette holding a
the .S.-shaped link are parallel to each other in the lower y medicine container upward from a lower position of a
position. - . . . main body to a middle position on an upper portion of
5. The medicine transtusion apparatus according to claim . ; .
4, wherein the main body along an arcuate path while maintaining
in the parallel link mechanism, a line connecting between a horizontal attitude of the medicine cassette by a
portions each being coupled to the main body and to the lifting unit vtilizing a pair of parallel link mechanisms;
first pedestal at the both ends of the L-shaped link, and 20  a second step of reloading the medicine cassette from a
a line connecting between portions each being coupled first pedestal of the lifting unit to a second pedestal of
to éhe ?lt?lin éDOiY algidl'tl?kthe first 1131‘3‘211‘5‘:[81281 aLthfth’fh a first driving unit in the middle position after the first
ends of the S-shaped link are parallel to each other in step:
the middle position. _ _ a third step of inserting a needle of a syringe held by a first
1 fthe ?Ziﬁledlcme transfusion apparatus according to claim 55 holding portion 1nto the medicine container held by the

medicine cassette after the second step; and
a fourth step of drniving a plunger of the syringe to
transiuse a medicine between the syringe and the
medicine container after the third step.
12. The medicine transtusion method according to claim
11, wherein
the lifting unit moves the medicine cassette upward
between the middle position and the lower position
along a forward surface of the main body and along the
arcuate path by a rotational movement of the pair of
parallel link mechanisms 1n the first step.
13. The medicine transtusion method according to claim
11, further comprising
a fifth step of selecting a medicine container performing
a transfusion operation, among a plurality of the medi-
cine containers held by the medicine cassette, the fifth
step being performed at at least one of before and after
the third step, and before the fourth step.
14. The medicine transtusion method according to claim
4> 11, wherein
the medicine cassette 1s driven 1n a vertical direction or 1n
a rotating direction to stir and dissolve the medicine 1n
the medicine container aiter the fourth step.

the lifting unit moves the medicine cassette upward and
downward between the middle position and the lower
position along a forward surface of the main body and
along the arcuate path by a rotational movement of the ,,
pair of parallel link mechanisms.
7. The medicine transtusion apparatus according to claim
1, further comprising a first driving unit that drives the
medicine cassette 1 a vertical direction or in a rotating
direction 1 a plane that intersects the vertical direction, .
wherein
in the first driving unit, the medicine cassette reloaded
from the first pedestal of the lifting unit to a second
pedestal of the first driving unit in the middle position
1s driven 1n the vertical direction or in the rotating ,,
direction, so that the medicine container held by the
medicine cassette 1s positioned at a medicine extraction
position opposing the needle of the syringe held by the
first holding portion.
8. The medicine transtusion apparatus according to claim
7, wherein
the medicine cassette includes an arc-shaped member, and
has a structure, in which a plurality of the medicine
containers are capable of being disposed in a circum-
ferential direction. I T
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